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Anaerobic spirochaetes colonise the large intestine of many avian and mammalian host species. The most well known pathogenic species is the strongly haemolytic Brachyspira hyodysenteriae that was first isolated from pigs with swine dysentery (SD) in the early 1970s. Classical SD is a severe mucohaemorrhagic colitis that occurs in growing pigs and is endemic in most pig-rearing areas of the world. The spirochaete acts in concert with other components of the colonic microbiota to disrupt the integrity of the colonic epithelium and induce inflammation. In recent years two new strongly haemolytic species, the proposed 'Brachyspira suanatina' and 'Brachyspira hampsonii', both with reservoirs in migratory water birds, have been described as new and emerging agents of SD in the northern hemisphere. Weakly haemolytic species also have been described, some of which have pathogenic potential. In particular Brachyspira pilosicoli causes a mild colitis and diarrhoea in many species, including human beings, whilst Brachyspira intermedia is a common pathogen in adult poultry. Infection with B. intermedia and/or B. pilosicoli can cause wet litter, faecal staining of eggshells and delays in reaching peak egg production. Options for control of these widespread and economically significant anaerobic infections are limited.
Isolation and characterisation
Brachyspira species take at least 3-5 days to appear as a thin film of surface growth on selective blood agar that is incubated at 37-418C in an anaerobic environment. Lack of colony formation can cause a number of technical difficulties when manipulating cultures. The various species are classified as being either strongly or weakly haemolytic (Figure 1a) . Under a phase contrast microscope individual spirochaetes are seen as slender rods, usually with two or three undulating curves (Figure 1b) . The cells stain weakly Gram negative, and are easier to see using silver stains. There are relatively few defining and consistent phenotypic differences between the seven officially named and other proposed Brachyspira species.
Identification to the species level is important as some species are pathogenic and some are not. Identity is usually achieved using species-specific PCRs directed at pathogenic species, or by sequencing genes such as the NADH oxidase gene and constructing phylogenetic trees 1, 2 . PCRs can be used on primary growth off the isolation plates or in DNA extracted from faeces. Multilocus sequence typing has been developed to assist with species identification as well as for sub-specific differentiation of isolates and recognition of clonal groups 3 .
Swine dysentery
Swine dysentery (SD) manifests as a severe mucohaemorrhagic colitis of grower and finisher pigs ( Figure 2 ). The disease is endemic in many countries around the world, including Australia. Although clinical manifestations can be controlled by the use of a small number of antimicrobial agents that are licensed for use in pigs, resistance to these drugs by strains of the causative agents as observed both in vitro and in vivo is a growing problem worldwide. Detecting the condition and limiting the spread of infection between farms remains a major fundamental for control. Subclinical carriage of the pathogen can present challenges for controlling transmission. The classical agent of SD is the strongly haemolytic
Under the Microscope Brachyspira hyodysenteriae, but in the last decade two newly described strongly haemolytic species, proposed as 'Brachyspira suanatina' 4 and 'Brachyspira hampsonii'
5
, have been identified as emerging causes of SD. Both species appear to have reservoirs in migratory water birds 6 . To date description of 'B. suanatina' has been limited to Scandinavia, whilst 'B. hampsonii' has been described as an emerging clinical problem in pigs in North America and Europe.
Intestinal spirochaetosis
A defining but inconsistent feature of intestinal spirochaetosis (IS) is the presence of spirochaetes attached by one cell end to the surface of colonic enterocytes (Figure 3) . Brachyspira aalborgi can cause this manifestation in humans, but in birds and mammals (including human beings) the agent of IS is the weakly haemolytic Brachyspira pilosicoli 7 . This species is widely distributed, and is a particular clinical problem where individuals live in close proximity, such as with intensively reared pigs, caged adult chickens, or villagers in developing communities where basic hygiene is compromised. Problems also arise where production animals or birds that are raised outside are exposed to water or soil that has been contaminated by faeces (for example from wild water birds, which frequently carry B. pilosicoli). In pigs the infection can cause colitis and diarrhoea in groups of recently weaned or growing animals, resulting in poor and uneven growth rates that reduce the profitability of farming enterprises. Infections in dogs and horses also have been described.
Avian intestinal spirochaetosis
The outcome of infection with Brachyspira species in adult chickens (laying and breeding hens) and other poultry species has been called avian intestinal spirochaetosis (AIS) 8 . The condition does not seem to occur naturally in young meat producing chickens (broilers), perhaps because there is insufficient opportunity and time for colonisation to occur. AIS has been associated with reductions and delays in egg production, foamy brown faeces, wet litter, and faecal staining of eggshells resulting in downgrading of valuable table eggs for use in manufacturing (Figure 4 ). The two main (weakly haemolytic) species that have been implicated in AIS are Brachyspira intermedia and B. pilosioli, although B. alvinipulli occasionally has been reported to be involved in the condition in the USA and Europe. AIS appears to be widespread throughout the world, including in Australia, but the condition is only infrequently diagnosed. This is probably because of the relatively non-specific nature of the signs, and the difficulty in isolating and identifying the causative anaerobic Brachyspira species without the availability of specialised diagnostic media, facilities and expertise.
Control
Without effective disease control the health and welfare of affected animals can be compromised. Infections with the anaerobic Brachyspira species can be suppressed by antimicrobial agents such as metronidazole, but these drugs are no longer available for use in production animals. Indeed, relatively few drugs are registered for production animal species, and resistance to the remaining drugs by strains of the various Brachyspira species is an increasing problem.
Currently there are no effective commercially vaccines available, although new recombinant vaccines are being developed for control of SD 9 . Modifications to the diet fed to both pigs and chickens have been shown to change the colonic microenvironment and influence and potentially reduce colonisation by Brachyspira species [10] [11] [12] , but these diets are expensive and too specialised to be commercially viable for routine use in animals.
Control of infection within a geographical area (by State authorities or private/company veterinarians) still largely rests on provision of accessible, reliable diagnostic services and routine surveillance. When coupled with implementation of strong biosecurity measures the transmission of infection between farms can be reduced or prevented. 
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